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Shell formation in mollusks concerns the elaboration of an organic framework
or matrix and the orderly growth of calcium carbonate crystals within this matrix.

This matrix is composed of three fractions : a water-soluble protein, a scleroprotein,
and a polypeptide (Gregoire, Duchateau and Florkin, 1955). Synthesis and
secretion of matrix and any active transport of inorganic ions involved in shell

deposition will require metabolic energy. Glycolysis (Humphrey, 1950) and the

utilization of tricarboxylic acid cycle substrates (Humphrey, 1947; Humphrey and

Jeffrey, 1954; Cleland, 1951
; Jodrey and Wilbur, 1955) have been demonstrated in

oyster tissues and would lead to the formation of high energy phosphate compounds.
If these high energy phosphate compounds are utilized in shell deposition, then

dinitrophenol (DNP) by preventing phosphorylation (Hunter, 1951; Lardy and

Wellman, 1953; Shacter, 1955) or reducing the tissue concentration of the com-

pounds already formed (Hunter, 1951; Shacter, 1955) may be expected to retard

shell deposition. This problem has been examined in the oyster Crassostrea

virginica. The action of dinitrophenol was studied with respect to ( 1
) respiration

of shell-forming tissue; (2) calcium deposition using radioactive calcium as an

indicator; and (3) shell regeneration in the whole oyster.

METHODS

Measurements of the effect of DNP on respiration were carried out by the

Warburg method using a strip of tissue about one cm. wide taken from the posterior

portion of the mantle. Endogenous respiration was measured in sea water for

30-60 minutes. DNPwas then added from the sidearm, and measurements were

continued for periods of one to six hours. DNPsolutions were buffered at pH 8

with 0.03 Mglycine.

The isolated mantle-shell preparation (Hirata, 1953) was utilized for measure-

ment of Ca45
deposition as described by Jodrey (1953). These mantle-shell prepar-

ations were placed in one liter of sea water containing DNP for one hour. Ca45

(one ml. of high specific activity) was then added and the preparations remained in

this solution for an additional six hours. Reversibility of DNPaction on calcium

deposition was tested by first immersing mantle-shell preparations in DNP solu-
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FIGURE 1. Effect of DNPon mantle respiration. Tissue weight, 180-220 mg. \vet weight;

temperature, 25.6 C.
; pH 8.0; DNP, 0.2 ml. in sideann ; total volume 2.2 ml.; gas phase, air;

salinity, 33.6-35.4 r
/, r ; mean oxygen consumption of control, 15.6 /ul O., per 100 mg. wet weight

per hour.

tions for seven hours and then washing them in running sea water for two hours.

The preparations were then placed in sea water containing Ca45 for six hours and
the deposition of Ca45 was measured. Control preparations were carried through
the same procedures but without DNP.

TABLE I

DNPeffect on Ca46
deposition

DNPcone.
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TABLE II

Reversibility of DNPeffect on Ca45
deposition

n
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shell as observed microscopically was the same in DNP-treated oysters and oysters
in sea water.

DISCUSSION

The effects of DNP on the respiration of oyster mantle followed the general

pattern as seen in many animal and plant tissues (Simon, 1953). Mantle respira-
tion increased with increasing concentration of DNP, reaching a maximum 87%
above the endogenous level. This degree of stimulation was considerably higher
than that produced in the mantle by the addition of citric acid cycle intermediates

(Jodrey and Wilbur, 1955). At concentrations of DNPwhich caused a respira-

tory stimulation, Ca45
deposition by the oyster mantle was reversibly inhibited.

The action of DNPmay involve one or more of the following mechanisms con-

cerned with shell deposition : ( 1 ) transport of calcium and carbonate ions across

the mantle; (2) transfer of CaCCX crystals from the interior of mantle cells; (3)

synthesis and secretion of the shell matrix; or (4) amoebocyte activities and shell

regeneration. If the transport of the calcium and carbonate ions across the mantle

requires the expenditure of energy, this active transport could well be inhibited by
DNP (Taggart and Forster, 1950; Mudge, 1951; Levinsky and Sawyer, 1953).
The transport of calcium carbonate crystals from the cell interior, as suggested by
Bevelander (1953), might utilize an energy mechanism susceptible to the action

of DNP. In the regeneration experiments failure of intact oysters to deposit
matrix alone in the presence of DNPmay be due to an effect on matrix synthesis
since peptide bond and protein synthesis are known to be inhibited by DNP
(Borsook, 1954; Tarver, 1954; Siekevitz, 1952). However, in view of the toxicity
of DNP (Table III) one should not conclude that failure of regeneration reflects

only a direct effect on matrix synthesis or secretion.

Another possibility arises from the fact that in the snail Helix aspersa, amoebo-

cytes play a part in shell regeneration and are thought to be responsible for the

deposition of matrix and calcium carbonate crystals (Wagge, 1955). However, the

role of amoebocytes in oyster shell regeneration has not been studied and accordingly
we do not know their significance with respect to the inhibition of regeneration

by DNP.

SUMMARY

1. Dinitrophenol stimulated oyster mantle respiration at 10~ 3 M and 10'* M.

Respiration was not significantly different from the endogenous rate at 10~ 2 M,
10~ 5 Mand 10- 6 MDNP.

2. Calcium deposition, as measured by Ca45
, was inhibited in isolated mantle-

shell preparations at 1O3 Mand 10"* MDNP. the same DNPconcentrations which

stimulated respiration. Inhibition was found to be reversible.

3. Shell regeneration in whole oysters was inhibited by DNP. DNP concen-

trations which inhibited regeneration were toxic.
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